Differences in sensitivity to nerve growth factor of axon formation and tyrosine hydroxylase induction in cultured sympathetic neurons.
Superior cervical ganglia from 2-day-old and 3-week-old rats were maintained in vitro for up to 2 weeks in the presence of a range of concentrations of nerve growth factor up to 100 micrograms/ml. Nerve fibre length and density were measured and tyrosine hydroxylase activity of these cultures assayed after various times. Ganglia were also examined for catecholamines and neuronal numbers using fluorescence histochemistry and histology respectively. In cultures maintained without nerve growth factor, or in those containing low concentrations of nerve growth factor (3 ng/ml), tyrosine hydroxylase decreased to 5-10% of the initial levels by 14 days in vitro. The presence of the high concentration of 1 microgram/ml nerve growth factor in the culture medium or the addition of such a concentration during the culture period did not prevent an initial decrease in tyrosine hydroxylase but subsequently increased the enzyme activity. The maximal effect of nerve growth factor on nerve fibre density was at low concentrations whereas its maximal effect on neuronal survival, tyrosine hydroxylase activity or nerve fibre elongation was at high concentrations. After 2 days in culture, maximum neurite production occurred in cultures containing 10 ng/ml, while maximum nerve fibre elongation and tyrosine hydroxylase activity occurred in cultures containing 100 micrograms/ml nerve growth factor. We conclude that low concentrations of nerve growth factor, as occur in plasma, cause maximum axon formation while high concentrations of nerve growth factor, as occur in effector organs, induce maximum tyrosine hydroxylase activity and cell survival. The former process may be mediated via cell surface receptors and the latter via retrograde axonal transport of nerve growth factor to the cell body, following uptake by the terminal regions of the axons.